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(57) Abstract 

The described device is introduced into a plastic container with a narrow opening 
and serves a plasma enhanced process for treating the inside surface of the container. 
The device (2) extends between the container opening and the container bottom along 
the container axis (X) and comprising a gas feed tube (23) for feeding a process gas 
into the container and pemianent magnets (24) for establishing a stationary magnetic 
field inside the container. The magnets (24) form a column of superimposed magnets 
which is arranged inside the gas feed tube (23). The north and south poles of each 
magnet are positioned on opposite sides of the container axis (X), The device may 
also comprise cooling means (25) for cooling the gas feed tube and the magnets. 
Preferably the plasma used in the plasma enhanced process is sustained by microwaves 
or radio frequency waves and the magnets (24) are preferably designed such that 
electron-cyclotron-resonance conditions are established in an area distanced from the 
container inner surface by 0 to 30 mm. 
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DEVICE AND METHOD FOR TREATING THE INSIDE SURFACE OF A 
PLASTIC CONTAINER WITH A NARROW OPENING 
IN A PLASMA ENHANCED PROCESS 



The invention lies in the field of the packaging industry and relates to a 
device according to the generic part of the first independent claim. The device 
serves for carrying out a plasma enhanced process in a plastic container with a 
narrow opening in order to treat the inside surface of the container. 
5 Furthermore, the invention relates to a method of a plasma enhanced 
treatment using the inventive device and to containers produced according to 
the process. 



10 Plasma enhanced processes used for treating the inside surface of plastic 
containers are e.g. plasma enhanced chemical vapour deposition processes for 
producing an inside coating of e.g. silicon oxide which coating reduces gas 
permeability of the plastic material. Plasma enhanced processes can further be 
used e.g. for activating the inside surface, for changing its wetability or for 

15 sterilizing the inside of the container. The constraints put on such processes 
and on the devices for carrying out such processes when applied to the inside 
of plastic containers used for packaging purposes and having a narrow 
opening such as e.g. bottles for beverages, are caused mainly by the 
temperature sensitivity of the plastic material, by the narrowness of the 
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opening, i.e. the difficult accessibility of the surface to be treated and by the 
necessary small economic value of such containers. 

5 From the publication EP-299754 (BOC Group) it is known that by coating 
plastic materials with a layer of sihcon oxide, the gas permeability of such 
materials can be reduced considerably. The same publication discloses a 
plasma enhanced chemical vapour deposition process for producing such 
silicon oxide coatings. 

10 

From the publications EP-668219 and EP-667302 (Tetra Pak) it is further 
known that silicon oxide coatings produced by plasma enhanced chemical 
vapour deposition and having a composition of SiOx, whereby x ranges 
15 between 1.8 and 22, have superior gas barrier properties and that such 
coatings with a thickness which is less than 0.2 imx (2000 Angstrom) provide a 
gas barrier which is satisfactory for most applications in food and beverage 
packaging. 

20 

It is known e.g. from the publication by J. Weichart, B. Meyer and J. Miiller 
(Vakuum in der Praxis Nr.l, pages 22 to 26, 1991) that a plasma excited by 
microwave exhibits a higher electron density and higher electron energy than 
a plasma excited by direct current or by high frequency. Therefore, using a 

25 microwave plasma results in higher deposition rates for chemical vapour 
deposition processes. In a microwave plasma positioned in a static magnetic 
field the electron loss through diffusion is reduced and energy take-up by 
electrons is increased. This effect is due to magnetic confinement in which 
electrons are accelerated on paths around magnetic field lines creating within 

30 the microwave plasma electron-cyclotron-resonance conditions. Such 
conditions are fulfilled for a microwave frequency of 2.45 GHz and a pressure 



wo 99/17333 PCT/IB98/01505 

-3- 

of less than 10 Pa in a static magnetic field of a magnetic flux density of 87,5 
mT. Under such conditions it is possible to sustain a plasma with a much 
smaller power input than needed for e.g. a high frequency plasma. 

5 

In the same publication an apparatus for coating the inside surface of bottles 
is proposed in which apparatus the microwave field is produced by a helical 
Wanderfeld antenna and the bottle is placed within the helix. The magnetic 
field is produced by permanent magnets arranged on the inside of the bottle 
10 along a gas feed tube which extends along the bottle axis. 

In the same publication it is stated that silicon oxide coatings produced with a 
microwave plasma at electron-cyclotron-resonance conditions in the apparatus 
15 as described do not show permanent good barrier properties due probably to 
great hardness and brittleness. 

In a plurality of more recent publications (e^g. Polar materials US-5378510, 
20 Coca-Cola Company WO-95/22413, Toyobo JP-07041579), the inside coating 
of bottles with silicon oxide has again been described. As plastic bottles with 
an inside coating of silicon oxide are not available on the market, it can be 
concluded that up to now it has not been possible to produce the bottles with 
a satisfactory quality and/or with an effort which can be kept within 
25 reasonable limits. 

It is therefore the object of the invention to show a device and a method for 
treating the inside surface of plastic containers having a narrow opening (e.g. 
30 bottles with an opening of 28 to 38mm diameter) in a plasma enhanced 
process, e.g. coat this inside surface with silicon oxide using a plasma 
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enhanced chemical vapour deposition process. Using the inventive device is to 
make it possible to ignite and sustain on the inside of the container a plasma 
possibly under electron-cydotron-resonance conditions such that the plasma 
enhanced treatment compared to known such treatments is improved 
5 regarding quality of the treatment (e.g. quality of the resulting coating) and at 
the same time regarding energy and time consumption. 

This object is achieved by the device and the method as defined by the clauns. 

10 

The inventive device has the form of a finger and is introduced into the 
container to be treated through its opening. For being able to be introduced, 
it has a diameter which is less than the diameter of the container opening. In 
15 the container it extends substantially along the container axis, its connecting 
end passing through the container opening and being connected to appliances 
outside of the container and its distal end facmg the container bottom 
opposite the container opening. 

20 

The device comprises means for feeding the process gas as uniformly as 
possible to the inside of the container and means for establishing a static 
magnetic field with closed field lines within the container such that the loaded 
particles, in particular the electrons created in a plasma are induced to rotate 

25 between the area of the container opening and the area opposite the 
container opening. Thereby, the magnetic field is advantageously of such a 
magnitude that electron-cyclotron-resonance conditions are possible within the 
container. The device may further comprise cooling means for cooling the 
means for feeding the process gas and if applicable the means for establishing 

30 the magnetic field. 
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The device is to be connected to a source of a process gas for supplying the 
process gas to the gas feed means. If applicable, the device is further to be 
connected for supply and removal of a cooling medium. The connecting end 
of the device passing through the container opening is designed such that it 
5 occupies as little of the container opening as possible. This makes it possible 
to evacuate and vent the container very efficiently. 

The inventive device is preferably used in connection with a plasma sustained 
10 by microwave or radio frequency electromagnetic waves, i.e. by 
electromagnetic waves of frequencies in the range of ca. 30KHz to several 
GHz, whereby the electromagnetic waves are coupled into a confinement in 
which the container to be treated is positioned by suitable coupling methods 
and means (hollow conductor, capadtive coupling or inductive coupling). 

15 

A container is treated on its inside in a plasma enhanced process by e.g. 
introducing the container into a microwave confinement, which confijiement is 
equipped such that an advantageously stationary microwave can be established 

20 within the confinement. The device as described above is introduced into the 
container, the connecting end passing through the container opening 
substantially axially. Then the inside and outside of the container is evacuated, 
whereby on the inside of the container a pressure is created which is low 
enough for igniting a plasma. Microwaves are coupled into the miaowave 

25 confinement and the process gas is flown through the gas feed means into the 
inside of the container and is pumped from the container such that a low 
operation pressure is maintained. After the reaction time the microwave is 
stopped, the system vented, the inventive device removed from the container 
and the container removed from the microwave confinement. 



30 
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In case of a multi-step plasma enhanced treatment the process gas is changed 
after each step. 



5 Exemplified embodiments of the inventive device and an example of a 
method using the device are described in connection with the following 
Figures. Thereby, 

Figure 1 shows an inventive device, introduced into a bottle to be treated in 
10 a plasma enhanced process in section along the bottle axis; 

Figure 2 shows in more detail an exemplified embodiment of the inventive 
device in section parallel to the axis; 

15 Figure 3 shows in section perpendicular to the axis the device according to 
Figure 2; 



Figure 4 shows a further exemplified embodiment of the inventive device in 
20 section perpendicular to the axis; 

Figure S shows the bottle coated with silicon oxide according to the given 
example of a plasma enhanced process for treating the inside 
surface of plastic containers. 

25 

Figure 1 shows as an example of a plastic container having a narrow opening 
and to be treated in a plasma enhanced process, a plastic bottle 1 having a 
substantially cylindrical body 11, having a neck portion 12 with an opening 
30 and e.g. with a thread and a neck ring and having a bottom portion 13 
opposite the neck portion. 
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The inventive device 2 extends from the opening of the container (connecting 
end 21) towards its bottom whereby the distal end 22 of the device does not 
touch the container bottom 13. Usually the device 2 extends along the 
5 container axis X. 

Furthermore, the inventive device may serve as one of the electrodes for 
capacitive coupling of the electromagnetic waves and in such a case comprises 
10 a metallic gas feed tube connected to a corresponding electrical power source 
or possibly to ground. 

Figure 2 shows an exemplified embodiment of the inventive device 2 in 
IS section parallel to the axis X and in more detail. The device 2 comprises as 
gas feed means a gas feed tube 23 which is closed at the distal end of the 
device and is made of a porous material such as e.g. of a sintered metal or of 
a solid material which is perforated by a great number of openings. The gas 
feed tube 23 has a narrowed end portion 23.1 facing towards the connecting 
20 end 21 of the device which narrowed end portion 23.1 is preferably not porous 
or does not have any perforations. The process gas G is supplied to the gas 
feed tube 23 through the open end of its narrowed end portion 23.1. 

25 As means for creating a stationary magnetic field, the device comprises on the 
inside of the wider part of the gas feed tube 23 a plurality of superimposed 
permanent magnets 24. These magnets 24 are such designed that their north 
and south poles are situated on opposite sides of the axis X. 



30 
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A double helix cooling tube 25 is arranged around the gas feed tube 23 and 
serves as a cooling means. The ends of the helix tube 25 together with the 
narrow end section 23.1 of the gas feed tube 23 form the connecting end of 
the device passing through the container opening. A cooling means W e.g. 
5 water serves for keeping the temperature of the device and in particular of 
the magnets 24 constant within veiy narrow limits, whereby the induction 
(magnitude of the magnetic field) being a veiy temperature dependent value 
is kept constant within veiy narrow Umits also. The optimum temperature is 
slightly higher than ambient temperature such that condensation of any of the 
10 components of the process gas is prevented. 

Figure 3 shows in cross section perpendicular to the axis X the device 
according to Figure 2 with the gas feed tube 23, the magnets 24 and the 

15 cooling means 25. The poles of the magnets 24 positioned on opposite sides of 
the axis X are designated with N and S. Two exemplified closed field lines of 
the magnetic field created by the magnet 24 are shown and designated with 
M.1 and M.2, whereby M.1 and M.2 are directed from north to south pole. 
The field lines created by the superimposed magnets (Figure 2) are 

20 superimposed in the same way. The body 11 of the container to be treated is 
indicated by a broken line. 

The magnets applicable for the inventive device are e.g. ferrite or cobalt- 
25 samarium magnets (e.g. by UGIMAG FR). The column of superimposed 
magnets shown in Figure 3 has a square cross section. This cross section may 
be rectangular (Figure 4) or round (Figure 2) also. For microwaves with a 
frequency of 2.45 GHz and for a pressure of less than 10 Pa, electron- 
cydotron-resonance occurs in areas of the magnetic field where the magnetic 
30 flux density is 87,5 mT. For achieving such conditions the n^ignets need to be 
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designed such that the magnetic field outside of the tubes 23 or 25 has the 
corresponding flux density (87.5 mT). 

5 Through the magnetic field illustrated by the field lines M.1 and M.2 
electrically loaded particles in particular fi'ee electrons are accelerated in a 
direction parallel to the axis X in opposite directions on opposite sides of the 
magnets, i.e. they are driven in a rotating manner around the length of the 
colimm of superimposed magnets. Such rotation of the electrons within the 

10 plasma reduces electron loss due to di^sion. It shows that conditions for 
coating the inside surface of a container are best with magnets which are 
designed such that electron-cyclotron-resonance conditions are established at 
a distance of 0 to 30mm from the inside container surface. 

15 

Figure 4 shows in section perpendicular to the axis a further embodiment of 
the inventive device. This device comprises again means for feeding a process 
gas to the inside of the container (gas feed tube 23), means for establishing a 
stationary magnetic field (permanent magnet 24 with north and south pole on 

20 opposite sides of the axis) and cooling means (25.1 and 25.2). For cooling a 
cooling tube 25*1 within the gas feed tube 23 is provided and the magnets are 
positioned within the cooling tube and are immersed in the cooling mediunu 
The cooling medium W is fed to the cooling tube through e.g. two feed tubes 
25.2 extending from the connecting end of the device and having open ends in 

25 the area of the closed distal end of the cooling tube. The cooling medium is 
removed from the cooling tube in the area of the connecting end of the 
device. The cooling tube 25.1 with the magnets arranged within is arranged 
inside the gas feed tube 23. 



30 
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As an example for a plasma enhanced process for treating the inside surface 
of a plastic container with a narrow opening, the inside coating of a bottle 
made by stretch blow moulding of polyethyleneterephthalate with silicon oxide 
is described in the following. The specific bottle has a volume of ca. SOOml 
5 and an opening of 38mm diameter. It weighs 18 to 32gr (bottle of specific 
example below: 32g). 

The device introduced into the bottle has a diameter of ca. 20mm (applicable 
10 for bottles with a standard opening of 28mm also). The length of the device is 
chosen such that the distance between the distal end of the device and the 
bottom of the bottle is kept at ca. 30mm. The magnets of the device are made 
of cobalt-samarium and have a cylindrical form with a diameter of 12mm and 
a height of 40mm. 

15 

The bottle is introduced in a substantially cylindrical microwave containment 
which may serve at the same time as vacuum chamber. The microwaves used 
have a firequency of 2.45 GHz. They are produced by a microwave generator 
20 and are coupled to the microwave confinement via a hollow wave guide which 
opens into the Qrlindrical confinement axially or radially. The confinement, 
the generator and the wave guide are advantageously such designed and tuned 
that there is a stationary microwave inside the confinement. The average 
microwave power ranges from 100 to 600 Watts (advantageously: 300W). 

25 

The bottle to be coated is positioned inside the microwave confinement and 
the inventive device connected to gas supply and cooling medium supply and 
removal is positioned in the bottle. The bottle opening is connected to a 
30 vacuum pump. The vacuum chamber and the inside of the bottle are 
evacuated simultaneously to a base pressure of approximately 0.5 Pa which 
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base pressure is preferably somewhat lower than the operating pressure. For 
preventing a plasma being ignited on the outside of the container, it is 
advantageous to reduce the pressure on the outside of the container to a 
value which is about ten times lower than the process pressure. A plasma is 
5 ignited inside the container by activatmg the microwave generator and the 
process gas consisting of oxygen and an organosilicon compoimd (e.g. hexa- 
methyldisiloxane) in a volume ratio of between 5:1 to 30:1 (preferably 10:1) is 
flown through the container with a flow rate of 10 to 100 seem (preferably 22 
seem) whereby the operating pressure is kept in a range between 10 Pa to 0.1 
10 Pa (preferably at 5 Pa). The process gas may further comprise an inert gas. 

After a coating time of 5 to 20s (preferably 15s) power and gas flow are 
stopped, the bottle and the vacuum chamber are simultaneously vented and 
15 the coated bottle is removed from the microwave confinement. 

The silicon oxide coating achieved in a coating process as described above has 
a minimum thickness of 5nm and may be as thick as approximately 50nm. 
20 Preferably it is 30nm. 

The PET-bottle illustrated in Figure 5 was subjected to the treatment as 
described above with the parameters indicated in parentheses as preferable 

25 parameters. The coating had a thickness of approximately BOnm. The un- 
coated bottle had a measured oxygen permeability of 0.060 
ccm/bottle/day/0.2atm (23°C, 50% relative humidity). The coated bottle had 
a measured oxygen permeability of 0.012 ccm/bottle/day/0.2atm (23°C, 50% 
relative humidity). This shows that coating the bottle using the inventive 

30 device and the parameters as given above gives an improvement in gas 
permeability for oxygen of a factor 5. A comparison between the coated bottle 
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and a sinular but uncoated bottle when filled with a carbonated drink showed 
a pressure loss which was smaller by a factor between 2 and 3 for the coated 
bottle. 

5 

The silicon oxide layer consisted of 67,5% O, 29.0% Si and 3.5% C. The 
composition of the coating can be varied by varying the composition of the 
process gas. 

10 

The surprising result of the coating process as described above is illustrated 
by comparing the above results with the disclosure by J. Weichart et al. (see 
above) of silicon oxide coatings not improving the gas permeability and also 
by comparing the above results with the high frequency coating and its results 
15 described in US-5378510 (Polar Materials): with a frequency of 450kHz, an 
energy input of 80 W, a gas flow of 44sccm (nitrous oxide : hexamethyldi- 
siloxane 10:1) and a coating time of two minutes, a permeability improvement 
by a factor of 2.25 is achieved. 

20 

The inventive device and the inventive method are applicable as described 
above for containers of different sizes and shapes, whereby the device to be 
positioned inside the bottle is to be adapted to the axial length (distance 
between opening and bottom) of the container and the gas flow is to be 

25 adapted to the size of the container. The container body does not necessarily 
have to be cylindrical. Small deviations from a cylindrical shape as well as 
cross sections e.g. representing a regular square or hexagon can be treated 
with the same good results. For containers showing greatly varying distances 
between the inside surface and the inventive device might have to be treated 

30 slightly longer. 



wo 99/17333 PCT/IB98/01505 

- 13- 

The bottle and its treatment as described above are one example. As 
indicated in the beginning, other plasma enhanced processes than coating 
processes are possible and the treated container may be made from a 
different plastic material, e.g. from polypropylene or from polyethylene (PP), 
5 in particular from high density polyethylene (HDPE). 



10 



All modifications, alterations and changes coming within the spirit and scope 
of the invention as set forth in the appended claims are herein meant to be 
included. 
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CLAIMS 

5 

1. Device to be positioned in a plastic container (1) with a narrow 
opening and with a container axis (X) passing through the container 
opening for treating the inside surface of the plastic container in a 
plasma enhanced process, the device (2) ejctending substantially along 

10 the axis (X) of the container with a connecting end (21) passing 

through the container opening and a distal end (22) extending 
towards the container bottom opposite the container opening, the 
device comprising a gas feed tube (23) made of a porous material or 
of a perforated material for feeding a process gas into the container 

15 and means (24) for establishing a stationary magnetic field in the 

container, characterized in that the means for creating the stationary 
magnetic field are arranged inside the gas feed tube (23) and 
comprise one permanent magnet or a column of a plurality of 
superimposed permanent magnets (24), whereby the north poles and 

20 south poles of the magnets are positioned on opposite sides of the 

container axis (X). 

2. Device according to claim 1, characterized in that it further 
25 comprises cooling means. 

3. Device according to claim 2, characterized, in that the cooling means 
comprise a cooling tube (25.1) which is arranged inside the gas feed 

30 tube (23) whereby the magnets (24) are immersed in a cooling 

medium circulating through the cooling tube (25.1). 
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4^ Device according to claim 3, characterized, in that the cooling 
medium is fed into the cooling tube (25.1) through at least one feed 
tube (25.2) which extends inside the cooling tube (25.1) and has an 
5 open end in the area of the closed distal end of the cooling tube 

(25.1). 

5. Device according to claim 2, characterized in that the cooling means 
10 comprises a double helix cooling tube (25) surrounding the gas feed 

tube (23). 

6. Device according to one of claims 1 to 5, characterized in that the 
15 colimrn of permanent magnets (24) consists of a plurality of cobalt- 
samarium magnets. 

7. Device according to claim 6, characterized in that the permanent 
20 magnets (24) have a cylindrical form with a diameter of 

approximately 12mm and a height of approximately 40mm. 

8. Device according to one of claims 1 to 7, characterized in that the 
25 distal end of the device is positioned at a distance from the inside 

surface of the container to be treated. 



9. 
30 



Method for plasma enhanced treatment of the inside surface of a 
plastic container with a narrow opening and a container axis (X) 
passing through the container opening whereby a device according to 
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one of claims 1 to 8 is positioned in the container and a plasma is 
ignited and sustained in the container by means of electromagnetic 
waves, characterized in that the frequency of the electromagnetic 
waves and the permanent magnets are adapted to each other such 
that there are electron-cyciotron-resonance conditions in the 
container in an area distanced from the inside surface of the 
container body by 0 to 30ram. 



1010. Method according to claim 9, characterized in that the frequency of 
the electromagnetic waves are microwaves or of radio frequency. 



11. Method according to one of claims 9 or 10, characterized in that the 
15 plasma enhanced treatment is a plasma enhanced chemical vapour 

deposition process for coating the inside surface of the container with 
a silicon oxide layer. 



2012. Method according to one of claims 9 to 11, characterized in that the 
temperature of the device is kept constant by circulating a cooling 
medium (W) through it 



2513. Method according to claim 9 or 12, characterized in that the method 
parameters are: microwave frequency 2.45 GHz, power 100 to 600 W, 
process gas comprising oxygen and an organosilicon compound in a 
volume ratio of between 5:1 to 30:1, flow rate of the process gas 10 
to 100 seem, operating pressure between 10 Pa to 0.1 Pa, coating 

30 time of 5 to 20s. 
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14. Method accx)rdmg to claim 9 or 12, characterized in that the process 
parameters are microwave frequency 2.45 GHz, power 300W, process 
gas comprising oxygen and an organosilicon compound in a volume 
ratio of 10:1, flow rate of the process gas 22 seem, operating pressure 

5 5 Pa, coating time 15s. 

15. Bottle made of polyethyleneterephthalate coated on the inside with 
the method according to one of claims 9 to 14, characterized in that 

10 the coating has a thickness of at least 5nm. 

16. Bottle according to claim 15, characterized in that the coating has a 
thickness of approximately 30iini and that the oxygen permeation of 

15 the coated bottle compared to the same but uncoated bottle is 

reduced by a factor 5. 



wo 99/17333 



PCT/IB98/01505 




F1G.1 



wo 99/17333 



2/3 



PCT/IB98/01505 




PCT/IB98/0150S 

3/3 




FIG./. 



INTERNATIONAL SEARCH REPORT 



Im ionai Application No 

PCT/IB 98/01505 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01J37/32 .C23C16/04 



According to International Patent Classification (IPC) or to both national dassiflcatlon and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 HOIJ C23C B05D B29C B65D 



Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched 



Electronic data base consulted during the International search (name of data base and, wttere practical, search terms used) 



C. DOCUMEWTS CONSiDERED TO BE RELEVANT . 



Category * Cttatton of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



DE 43 18 086 A (KAUTEX WERKE GMBH ; PLASMA 
ELECTRONIC GMBH (DE)) 8 December 1994 
see column 8, line 38 - column 9, line 18; 
figure 5 

WEICHART J ET AL: "Beschlchtung von 
dreldlmensionalen Substraten mit einem 
magnetfeldunterstQtzten Ml krowell en-Plasma 
bel Raumteniperatur" 
VAKUUM IN DER PRAXIS, 

vol. 3, no. 1, February 1991, pages 22-26, 

XP002067698 

UEINHEIM DE 

dted in the application 
see page 24, left-hand column, last 
paragraph - page 25, left-hand column, 
last line; figures 2,3 



1,9 



1,9 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

*A" document defining ttie general state of the art which is not 
considered to be of particular relevance 
earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority clalm(8) or 
which is dted to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an orai disclosure, use. exhibition or 
other means 

T" document published prior to the international filing date but 
later than the priortty date deUmed 



'T" later document published after the international filing date 
or priority date and not in conflict with the. application but 
cited to understand the principle or theory underiying the 
invention 

'X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an Inventive step when the 
document Is connblned with one or more other such docu* 
ments, such combination being obvious to a person sidlted 
in the ait. 

document member of the same patent family 



Date of the actual completion of the intemational search 



16 December 1998 



Data of mailing of tlie international search report 



28/12/1998 



Name and mailing address of the ISA 

European Patent Office. P.B. 5616 Patentlaan 2 
NL - 2260 HV Rijswilk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 



Authorized officer 



Schaub, G 



Foim PCT/lSA/21 0 (second sheet) (July 1892) 



DnERNATIONAL SEARCH REPORT 

Inrormatlon on patent family members 



Inte snai Application No 

PCT/IB 98/01505 



Patent document 
cited in search report 



Publication 
date 



Patent family 
memi)er(s) 



Publication 
date 



DE 4318086 



08-12-1994 



CA 
UO 
DE 
EP 
EP 
ES 
US 



2164223 
9427745 
59406143 
0705149 
0778089 
2117789 
5677010 



08-12-1994 

08- 12-1994 

09- 07-1998 

10- 04-1996 

11- 06-1997 
16-08-1998 
14-10-1997 



Fom PCT/I8M2I0 (palam teinay annex) (July 1M2) 



